Although the intercept of the line is 0.0365, corresponding to a crystallite size value of approximately 200 nm, the variance is 90 nm, and therefore unreliable. The broadening is dominated by microstrain and so assuming a model to neglect the crystallite size term gives a value of microstrain of 0.18 ± 0.01 %. We also find similar results for data from each spatial pixel, which were used to generate the microstrain maps. Note, the βstr is in units of degrees. reflections including <114> and <310> due to peak overlap. This is not the case for the <220>, which is a strongly preferred orientation of the film (cf. Figures S1 and S3 ). We note that white regions correspond to pixels where insufficient peak intensity was available to reliably fit the line profile, and so are excluded from the map. Quantitative analysis of the XRD data to extract crystallographic information was performed using tetragonal methyammonium lead iodide (ICSD-250739) with the assumption of preferred orientation in the <110> direction fitted using March-Dollase model 4 . MAPI3 thin film XRD data was refined in an automated matter after fitting to a corundum diffraction pattern to subtract instrumentation-dependent contributions such as zero shift, specimen displacement and correction of intensity based on beam footprint for a 15 degree fixed angle of incidence.
A corundum calibration sample diffraction pattern was collected and the instrumental contribution of the line broadening was first fitted to a Cagliotti equation, where βobs is observed breadth before subtraction, and the remaining breadth after subtraction is renamed, structural breadth, βstr.
Internal lattice strains in crystalline grains cause shift of the angular position and shapes of diffraction peaks. If the specimen is compressively strained in a uniform manner (i.e. isotropic) the lattice parameters for all peaks will shift to higher angular position, but the peak will remain sharp. The shift of each peak, ΔθB caused by a strain, ε = Δd/d is calculated by differentiating Bragg's law.
The crystallite size contribution to βstr is analysed by the Scherrer equation. Crystallite size and microstrain are interpreted with two analytical terms,
The two contributions can be separated by plotting βstr cosθ on the ordinate and sinθ on the abscissa. This allows a linear equation to be realized, broadening is anisotropic and special considerations must be made to select crystallographic directions that will indicate the average size while mitigating the morphological effects. From these analyses, we found that microstrain was dominating the broadening ( Figure S6 ), which is consistent with the literature 5, 6 .
Image registration for XRD measurements.
In order to correlate the same scan area between different experiments, we used a combination of Au particles and macroscopic scratches as fiducial markers and waymarkers for sharp registration and a combination of optical images, SEM images, PL maps, μXRD maps and μXRF (X-Ray Fluorescence) Maps. An example of a PL map over the region in the SEM image in the inset is shown in Figure S9 .
13 Figure S9 . Uniquely-shaped Au particle markers for confocal photoluminescence microscopy and scanning μXRD to obtain correlations in this study. A stitched confocal PL image shows a shadow from Au nanoparticle agglomerates, which attenuated the laser excitation. The agglomerates are shown clearly in the corresponding SEM image.
We summarize our iterative alignment and registration approach in the schematic in Figure S10 . As a basis for the images we begin with an optical microscopy image of the samples. Because this image is taken over a larger area than any of the other measurements it is able to function as a base for the following analysis and also contains important identifying features useful for aligning the subsequent data. Secondly an SEM taken of the same region (after μXRD and PL measurement) is aligned to the microscopy image using key features in both images. This SEM image provides scale information to the underlying optical image. The scale of the SEM and XRD images is used to appropriately size the PL image. An optical image taken on the same system as the PL image is used to correctly position the PL image. Firstly, this second optical image is scaled using identifying features in the PL image.
Once correctly scaled, this second optical image is then positioned to overlay the first and allow the correct position and orientation of the PL image to be obtained.
The overlap region of the PL and XRD images can now be identified. The rotation between the two regions has been identified as 2°. To correlate the two datasets we first apply this rotation to the high resolution PL data. The rotated data then undergoes the blurring and sub sampling procedures to achieve an image with the same characteristics as the XRD (see below for details).
Correlating PL and -XRD experiments on the same scan area
In order to correctly assess the correlation between the PL and μXRD images we need to first evaluate both on similar length scales. The much higher resolution of the PL imaging system and the properties of the beam and sample mounting in the micro XRD system mean that the XRD data is sampled over a much larger region. To make our comparison we have applied a blurring procedure to the PL data to simulate the PL observed from an area matching
that measured with the XRD system at each point.
The XRD beam profile is described by a Lorentzian profile 7 . In one dimension the Lorentzian profile is given by:
where Imax is the peak value of the Lorentzian, Γ is the full width half maximum and xpeak is the position of the peak value.
We can construct a two dimensional representation of the Lorentzian beam profile by treating the radial distance from the centre of the Lorentzian as the value for x in the above equation. This assumes a symmetrical beam profile incident onto the sample and results in an intensity distribution as shown in Figure S11a . Our sample is tilted at an angle of 15° in the y direction. We therefore need to transform the this intensity distribution. This transformation is accomplished by using
where θ is the angle of incidence of the beam onto the sample (90° would be normal to the sample surface). Renormalization of the intensity distribution for visualization purposes is accomplished using the ratio of the integrals of the original and transformed intensity data ( Figure S11b ). This normalization is not precise due to the limits imposed on integrating the Lorentzian distribution however as it is only used for visualization and does not impact the following blurring application we have taken the simplest approach. Figure 3e ).
